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(57)Abstract: 

PURPOSE: To prevent electrodes from being separated by a method 
wherein a roughened surface is formed on the form of the surface of 
the lower electrode layer of a photoelectric conversion device of a 
structure, wherein the lower electrode layer, a photoelectic conversion 
semiconductor layer and a transparent upper electrode layer are 
laminated in order on a flexible and insuiative substrate, and the mean 
thickness of the roughened surface and the mean interval between the 
roughened mountalnes of the roughened surface are formed within a 
prescribed value. 

CONSTITUTION: Ag is subjected to DC sputtering In Ar gas on an 
insuiative and flexible substrate 1 to form a lower electrode layer 2. A 
substrate temperature at the time of the sputtering of the Ag is 
controlled at 200 to 400''C to form a roughened surface 8, which has a 
mean film-forming thickness of 250nm or thinner, the mean Interval of 
150 to lOOOnm between roughened mountains and a difference of 
altitude of 50 to 150nm. After an N-type a-Si layer 3, an l-type a-Si layer 
4, an l-type u-SiO layer 5 and a P-type u-SiO later 6 are deposited in 
order on the layer 2 by a chemical vapor deposition method, the layer 6 
is subjected to RF sputtering to deposit an indium-tin oxide on the layer 

6 and a transparent upper electrode layer 7 is formed. Thereby, separation of the electrodes and a short-circuit between 
the electrodes are prevented from being generated and the characteristics of a photoelectric conversion device are 
improved by a light scattering effect. 
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♦ NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by con^}uter. So the translation may not reflect the original precisely. 
2. * * * * shows the word whi ch can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1 ] Photo-electric-conversion equipment characterized by for the shape of surface type of a lower electrode layer being 
irregularity, and the average thickness being 250 micrometers or less in the photo-electric-conversion equipment with which the 
laminating of a lower electrode layer, a photo-electric-conversion semi-conductor layer, and the transparence up electrode layer was 
carried out one by one on the flexible and insulating substrate. 

[Claim 2] Photo-electric-conversion equipment according to claim 1 whose average spacing of the crest of the irregularity of a lower 
electrode layer front face a photo-electric-conversion layer consists of an amorphous silicon system ingredient, and is 150nm or more 
lOOOnmor less. 

[Claim 3] Claim 1 whose difference of elevation of San-ya of the irregularity of a lower electrode layer front face a photo-electric- 
conversion layer consists of an amorphous silicon system ingredient, and is 50nm or more 150nm or less, or photo-electric-conversion 
equipment given in two. 

[Claim 4] Photo-electric-conversion equipment according to claim 1 to 3 with which the layer by the side of the substrate of a lower 
electrode layer consists of a conductive oxide thin film, and a surface layer consists of a metal thin film. 

[Claim 5] Photo-electric-conversion equipment according to claim 4 whose thickness of a conductive oxide thin film is 30nm or less. 
[Claim 6] Claim 4 whose lower electrode layer surface type-like irregularity is the irregularity obtained with the metal thin film, or 
photo-electric-conversion equipment given in five. 

[Claim 7] The manufacture approach of the photo-electric-conversion equipment characterized by to include the process which form 
membranes with a metal thin film at substrate 300 degrees-C or more temperature of 450 degrees C or less in the manufacture 
approach of the photo-electric-conversion equipment according to claim 1 to 6 equipped with the process which carry out the 
laminating of a lower electrode layer, the photo-electric-conversion layer which consist of an amorphous silicon system ingredient, 
and the transparence up electrode layer one by one on the flexible and insulating substrate in order [ of a lower electrode layer ] to 
form a surface layer at least. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the photo-electric-conversion equipment which used the semi-conductor thin film for 

the photo-electric-conversion layer, and its manufacture approach. 

[0002] 

[Description of the Prior Art] amorphous silicon formed by decomposing material gas with a plasma-CVD method, an optical CVD 
method, or a heat CVD method (it is described as a-Si below) etc. ~ the features that large-area-izing is easy for the photo-electric- 
conversion equipment using the semi-conductor thin film used as a principal component --**** - it gets down and is expected as a 
low cost solar battery etc. With such photo-electric-conversion equipment, the light which reflects on the fi-ont face of a lower 
electrode layer established in the substrate side of a semi-conductor thin film other than the light which carries out direct incidence to 
the photo-electric-conversion layer which consists of a semi-conductor thin film through a transparent electrode layer on top, and 
carries out incidence to a photo-electric-conversion layer also contributes to a generation of electrical energy. If the fi-ont face of this 
electrode layer is not flat and it has the shape of concavo-convex surface type, since dispersion of light will arise by that cause and the 
optical path lengths will increase in number, it is known that photoelectric conversion efficiency will improve. There was the approach 
of forming the electrode which has irregularity on a flat base as indicated by official reports, such as the approach of irregularity-izing 
the front face of the base which supports an electrode as an approach of forming an electrode with the shape of such surface type on a 
substrate as indicated by oflicial reports, such as JP,56-I52276,A, IP,58-1 80069,A, and JP,1-1 19074,A, and JP,59-61973,A, JP,3- 
94173,A, JP,3-99477,A, JP,3-99478,A, JP,4-218977,A, JP,4-334069,A. approach using a polycrystal metal as an approach of forming 
a concavo-convex electrode (JP,3-99477,A) The approach of carrying out after [ vacuum evaporationo / heat treatment ] sputter 
etching of the metal electrode (JP,3-99478,A) Approach using the metal two-layer structure (JP,4-218977,A) Approach using metal 
alloys, such as aluminimi and Ag, or &e alloy of diese and Si (JP,4-334069,A) etc. — it is indicated. 
[0003] 

[Problem(s) to be Solved by the Invention] There are the following problems in the approach of irregularity-izing the former base front 
face. In the first place, it may be dif^cult to obtain the irregularity of the suitable magnitude for dispersion of light depending on a 
base ingredient. For example, in polymeric materials, the magnitude of the structure which a molecule forms is small compared with 
the magnitude of irregularity required to raise photo electric conversion, and it is hard to form suitable irregularity. When the process 
which irregularity- izes a base fi-ont face includes a mechanical process and wet process in the second, it deletes, in case it shifts to the 
optoelectric-transducer formation process to a it top, and a defect arises with waste or moisture. When the process which processes 
[ third ] a base is added, a photo-electric-conversion equipment production process is complicated. 
[0004] The conventional concavo-convex electrode was premised on the base hard a glass plate, a stainless steel plate, a 
semiconductor wafer, etc. and thick in the approach of forming a concavo-convex electrode on the latter flat base. For this reason, 
although research detailed about concavo-convex magnitude, i.e., the difference of elevation of San-ya, and spacing of San-ya was 
made, only that thickness required to obtain suitable irregularity is described to be as a matter of fact about the thickness of an 
electrode was almost the case. When these concavo-convex electrodes were applied to the flexible substrate, since the coefficient of 
thermal expansion was large, the flexible substrate had produced property degradation of photo-electric-conversion equipments, such 
as a short circuit accompanying the electrode exfoliation and it resulting from the thermal stress under component formation. 
Moreover, when polymeric materials were used as a flexible substrate, the electrode exfoliation resulting from the water contained in 
polymeric materials might arise. 

[0005] This invention is to offer the photo-electric-conversion equipment which electrode exfoliation does not produce even if it 
solves the above-mentioned problem, it has the shape of optimal siuface type for dispersion of light and it uses a flexible substrate, and 
its manufacture approach. 
[0006] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, in the photo-electric-conversion equipment with 
which the laminating of a lower electrode layer, a photo-electric-conversion semi-conductor layer, and the transparence up electrode 
layer was carried out one by one on the substrate flexible in this invention, and insulating, the shape of surface type of a lower 
electrode layer shall be irregularity, and the average thickness shall be 250 micrometers or less. When a photo-electric-conversion 
layer consists of an a-Si system ingredient, it is good that average spacing of the crest of the irregularity of a lower electrode layer 
siuiace layer is 150nm or more lOOOnm or less, and it is good that Uie difference of elevation of concavo-convex San-ya is 50nm or 
more 150nm or less. It is good for the layer by the side of the substrate of a lower electrode layer to consist of a conductive oxide thin 
film, and for a surface layer to consist of a metal thin film, and it is good that the thickness of a conductive oxide thin film is 30nm or 
less in that case. And it is effective that the irregularity of the shape of surface type of a lower electrode layer is the irregularity 
obtained with a metal thin film. Moreover, in the manufacture approach of the above photo-electric-conversion equipment equipped 
with the process which carries out the laminating of a lower electrode layer, the photo-electric-conversion layer which consists of an a- 
Si system ingredient, and the transparence up electrode layer one by one on the insulating substrate by flexibility, this invention shall 
include the process which forms a metal thin film at substrate 300-degree-C or more temperature of 450 degrees C or less, in order [ of 
a lower electrode layer ] to form a surface layer at least. 
[0007] 

[Function] It depends on the coefficient of thermal expansion and thickness of the material of construction for the magnitude of the 
thermal stress which is the factor of property degradation of the photo-electric-conversion equipment using a flexible substrate. By 
setting to 250nm or less average thickness of the lower electrode which has conventionally the concavo-convex shape of hundreds of 
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nm or surface type which had several micrometers, stress is eased and property degradation of the photo-electric-conversion 
equipment using a flexible substrate is controlled. Average spacing of the crest of the shape of tootiiing of a lower electrode layer front 
face of working effective in dispersion of light is well-known when it is 1/2 of the wavelength of the light which carries out incidence. 
Therefore, when a photo-electric-conversion layer consists of an a-Si system ingredient, it is effective to adjust average spacing of a 
crest to wavelength (300nm which an a-Si system ingredient absorbs thru/or 2000nm) of one half of 150nm or more lOOOnm or less. 
Moreover, as for the San-ya difference of elevation of the shape of toothing of a lower electrode layer front face, it is also well-known 
to regulate the minimum of the wavelength of the light which can be scattered about in light. Therefore, when a photo-electric- 
conyersion layer consists of an a-Si system ingredient, the San-ya difference of elevation is adjusted to 150nm or less of l/300nm 2. 
However, since the effectiveness of light scattering will be lost if set to less than 50nm, it is made 50nm or more. The shape [ like ] of 
these surface type is acquired by forming with the metal thin film which forms a surface layer at least at substrate 300-degree-C or 
more temperature of 450 degrees C or less. When polymeric materials are used as a flexible substrate and a conductive oxide thin film 
exists on a substrate, there is effectiveness which prevents absorbing the moisture contained in polymeric materials and affecting a 
metal thin film. However, since stress arises between spoiling the flexibility of a substrate, and a substrate, the exfoliation from a 
substrate may break out or exfoliation may break out between metal fhin films when this conductive oxide becomes thick, it may be 
30nm or less. 
[0008] 

[Example] The sectional view of the solar battery of one example of this invention is shown in drawing 1 . The polyimide sheet with a 
thickness of 50 micrometers was used as a substrate 1 which has insulation and flexibility. If this base has the same insulation and 
flexibility, anything, it is good and can consider other insulating plastic film, such as PES, PEN, PET, and aramid, etc. By carrying out 
DC spatter of Ag in Ar gas of 2.0x1 0-3Torr on this substrate, the conductive layer was formed and it considered as the electrode layer 
2. It is also good to deposit ZnO on substrate 1 front face in the thickness of about 30nm by RF spatter at the substrate temperature of 
200 degrees C before the spatter of the electrode layer 2, and to make the moisture from plastic film absorb. Plasma-CVD method 
according [ using this electrode layer 2 as a lower electrode ] to RF glow discharge to a it top (chemistry gaseousrphase vacuum 
deposition) It uses. SiH4, H2, and PH4 It considers as reactant gas. The n form a-Si layer 3 and SiH4, H2 It considers as reactant gas. 
The nature a-Si layer 4 of i, SiH4, and C02, H2 It considers as reactant gas and is the nature microcrystal SiO (it is described as mu- 
SiO below) of i. A layer 5 and SiH4, C02, H2, and B-2 H6 It considers as reactant gas and is ITO (an indium and tin oxide) after 
sequential deposition and by RF spatter about p form mu-SiO layer 6. It deposited and considered as the transparence up electrode 
layer 7. 

[0009] SEM of the front face of the electrode layer 2 when changing the substrate temperature at the time of Ag spatter for electrode 
layer dimorphism ** in 200-400 degrees C, and changing membrane formation average thickness in 100-600 micrometers (scanning 
electron microscope) The photograph to twist is shown in drawing 3 . Thus, it turned out that the shape of surface type can be 
controlled by formation temperature and thickness, and an electrode with the concavo-convex front face 8 as shows even lOOnm even 
of average thickness in graph to drawing 1 at 300 degrees C - 400 degrees C can be formed. Then, the membrane formation 
temperature of the electrode layer 2 was fixed to 400 degrees C, average thickness was changed from lOOnm to 600nm, and every 20 
solar batteries each of the structure shown in drawing 1 by the following approach were produced. Although not coimected too hastily 
among the produced solar batteries, a rate is shown in drawing 2 . Thus, in order to obtain the high yield, it turned out that about 
lOOxim is desirably good 250nm or less of average thickness. Moreover, spectral sensitivity of the solar battery using a flat electrode 
with tiie irregularity small at lOOnm of average thickness formed at the substrate temperature of 200 degrees C, and the concavo- 
convex electrode formed at the temperature of 400 degrees C (l00mW/cm2, AMI .5) A dotted line 41 and a continuous line 42 show 
to drawing 4 , respectively. As spectral sensitivity rises in a field with a wavelength of 600-750nm and the increment in a short-circuit 
current shows to Table I, the solar-battery property of the thing using a concavo-convex electrode is improving. 
[0010] 
[Table 1] 
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average spacing of the crest which is about [ of the wavelength of the light which carries out incidence which becomes effective / the 
irregularity of an electrode surface / in dispersion of light ] 1/2 is also come suddenly, and since come out and it is, as for average 
spacing of the crest with a wavelength of 550nm which is the highest of the collector efficiency of a-Si, for example near 275nm of 
1/2, it turns out that even 250 micrometers or less eveii of average thickness are obtained from drawing 3 at the time of the substrate 
temperature of 300 degrees C or more. However, the highest substrate temperature is suppressed by 450 degrees C from the thermal 
resistance of a flexible substrate. 
[0011] 

[Effect of the Invention] According to this invention, the photo-electric-conversion equipment in which the improvement in a property 
by the scattering effect of light is shown has been realized, without producing property degradation of the short circuit accompanying 
the electrode exfoliation and it which originate in thermal stress, also on a flexible substrate etc. by setting to 250nm or less thirmer 
than before average thickness of the lower electrode which has the shape of concavo-convex surface type on the substrate of photo- 
electric-conversion equipment. Moreover, it enabled the concavo-convex electrode in. which it sees industrially and 250nm or less 
even in average thickness has the scattering effect of light by the realistic and simple approach of forming a metal thin film on a 
flexible substrate at base 300-degree-C or more temperature of 450 degrees C or less to actually form. That is, it resulted in utilization 
of the photo-electric-conversion equipment which has a concavo-convex electrode on a flexible substrate. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

Prawing 1] The sectional view of the solar battery of one example of this invention 

[Drawing 2] The related diagram of the solar-battery yield and lower electrode average thickness 

[Drawing 3] The photograph in which the surface metal texture of the electrode which changed substrate temperature and thickness 
and formed membranes is shown 

[Drawing 4] The spectral sensitivity characteristic diagram of the solar battery of the example of this invention, and the example of a 
comparison 

[Description of Notations] 

1 Substrate 

2 Lower Electrode Layer 

3 N Form A -Si Layer 

4 Nature A- Si Layer of I 

5 Nature Mu-SiO Layer of I 

6 P Form Mu-SiO Layer 

7 Transparent Electrode Layer 

8 Concavo-convex Front Face 
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[Drawing 1] 
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[Drawing 2] 
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CORRECTION OR AMENDMENT 



pCind of official gazette] Printing of amendment by the convention of 2 of Article 17 of Patent Law 
[Section partition] The 2nd partition of the 7th section 
[Publication date] April 1 3, Heisei 1 3 (2001 . 4. 1 3) 

[Publication No.] JP,8-288529,A 

Pate of Publication] November 1, Heisei 8 (1996. 11.1) 
[Annual volume number] Open patent official report 8-2886 
[Application number] J^anese Patent Application No. 7-1 1 1 141 
[The 7th edition of International Patent Classification] 

HOIL 31/04 
[FI] 

HOIL 31/04 M 
[Procedure revision] 

[Filing Date] April 7, Heisei 12 (2000. 4.7) 
[Procedure amendment 1 ] 
[Document to be Amended] Specification 
[Item(s) to be Amended] Claim 1 
[Method of Amendment] Modification 
[Proposed Amendment] 

[Claim 1] Photo-electric-conversion equipment characterized by for the shape of surface type of a lower electrode layer being 

irregularity, and the average thickness being 250nm or less in the photo-electric-conversion equipment with which the laminating of a 

lower electrode layer, a photo-electric-conversion semi-conductor layer, and tiie transparence up electrode layer was carried out one by 

one on the flexible and insulating substrate. 

[Procedure amendment 2] 

Pocument to be Amended] Speciflcation 

[Item(s) to be Amended] 0006 

[Method of Amendment] Modification 

[Proposed Amendment] 

[0006] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, in the photo-electric-conversion equipment with 
which the laminating of a lower electrode layer, a photo-electric-conversion semi-conductor layer, and the transparence up electrode 
layer was carried out one by one on the substrate flexible in this invention, and insulating, the shape of surface type of a lower 
electrode layer shall be irregularity, and the average thickness shall be 250nm or less. When a photo-electric-conversion layer consists 
of an a-Si system ingredient, it is good that average spacing of the crest of the irregularity of a lower electrode layer surface layer is 
150nm or more lOOOnm or less, and it is good that the difference of elevation of concavo-convex San-ya is 50nm or more 1 50nm or 
less. It is good for the layer by the side of the substrate of a lower electrode layer to consist of a conductive oxide thin film, and for a 
surface layer to consist of a metal thin film, and it is good that the thickness of a conductive oxide thin film is 30nm or less in that 
case. And it is effective that the irregularity of the shape of surface type of a lower electrode layer is the irregularity obtained with a 
metal thin film. Moreover, in the manufacture approach of the above photo-electric-conversion equipment equipped with the process 
which carries out the laminating of a lower electrode layer, the photo-electric-conversion layer which consists of an a-Si system 
ingredient, and the transparence up electrode layer one by one on the insulating substrate by flexibility, this invention shall include the 
process which forms a metal thin film at substrate 300-degree-C or more temperature of 450 degrees C or less, in order [ of a lower 
electrode layer ] to form a surface layer at least. 
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